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METHOD FDR OXIMETER STANDARDIZATION AND FOR REPORTING RESULTS 

Field of the Invention 

This invention relates to the field assessing the perfonmance of 

10 spectrophotometers. 

Summary of the Related Art 

Ultraviolet-visible-infiared (UV-VIS-IR) absorfoance spectroscopy has 
become an invaluable tool in medical diagnostics and analytical chemistry. For 
example, CO-oximeters measure the concentrations of various hemoglolnn 

IS components or fractions in i^ysiological blood using absoqstion spectroscc^. CO- 
oximeters perform this function by measuring the VIS-IR absorbance spectrum of a 
blood sample and determining the best fit of known blood component spectra. 

It is easily appreciated, therefore, that it is important to be able to quickly and 
accurately determine instrument performance. Existing methods measure the 

20 absorbance spectrum of quality control products. QC products specific for blood 
analysis are typically red dye based samples constructed to simulate the spectrum of 
blood. In addition to a red dye, they sometimes contain certain amounts of oxygoi, 
carbon dioxide, aiKl electrolytes at an established pH for determining tfie performance 
of blood gas and electrolyte instruments. It is very diflScuh to omstruct QC products 

25 having an absorbance spectrum ttiat closely mimics tfiat of physiological blood. 

StaiKlanl blood component spoctn are used to obtain the best fit to die 
measured QC product spectrum. By varying tfie comributions of each blood 
component spectrum, a best fit to the QC spectrum is obtained. But because even the 
ideal QC spectnim does not iniixdc that of physiological blood well, the resultir^ 

30 fit deviates from die observed QC spectrum even vAicn the instrument is rurming 
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perfectly. Furthennore, instniment introduced errors are not reported in teitns easily 
understood by the ordinary technician operating the instrument. For example, current 
methods report the ftaction of the major blood components (as detemiined from the 
relative contribution of each blood component's spectrtun to the best fit spectrum). 
5 Qtiite often a fractional concentration of a blood component is negative. 
Consequently, improved methods of determining and reporting instrument 
performance are desired. 

SUMMARY OF THE INVENTION 
10 The jnesent invention provides methods of determining and reporting the 

performance of VIS-IR spectrophotometers used to measure the concentration of 
hemoglobin components or fractions in blood samples. In particular, the method is 
used to determine the performance of CO^ximeters. In one aspect of the inventicm, 
the methods comprise measuring the absorbance spectrum of a quality control product 
15 (QC product) sample and comparing it to the knovm, standard q)ectnim for the same 
QC product The known standard spectnimofthcQC product is obtained from a well 
calibrated, highly precise spectrophotometer under controlled conditions and 
electronically stored in the instrument by the manu&cturer for fiiture comparison. 
The QC samite spectrum measured in commercial analytical instrxmients will differ 
20 from the standaid spectrum primarily do to various instrumental errors. Thestandard 
spectrum is mathemadcaUy fit to ^ measured q)ectium, yielding an apparent 
concentration of the QC. The difference between the measured spectrum and the best 
fit standard spectnnn (Ae "error spectium") and the variance of the apparent QC 
concentration from the standard QC concentration is a measure of the instrumental 
25 error. 

One important use of the foregoing method is to gauge the performance of 
spectiophotometeis used for analytical determinations including Ae oonoentiation of 
various blood components. TTiis method of determining instrumental performance is 
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10 



easily conducted by the technician at the laboratory site and involves simply 
measuring the absorbance spectriiin of a OC sample. The instrument can be 
programmed to automatically carry-out the foregoing procedure and report the 
instrumental error. If the observed instrumental error is too large, the instrument may 
need to be serviced before analysis of test samples. 

This method is distinguishable from prior art methods because the measured 
spectrum closely resembles the standard spectrum to which it is compared. 
Furthermore, this method also aUows the results to be reported in terms readily 
recognized and easily appreciated by the tedmician. 

In another aspect of the present invention, the concentration of the QC 
obtained from the mathematical fit is converted into a total apparent hemoglobin 
concentration (T^). This is accomplished by multiplying the apparent concentration 
of the QC by a nominal value of the total hemoglobin concentration (Tnom)» which, in ' 
one aspect of the invention, is equal to the normal level of hemoglobin found b 
15 human blood. T^^ is the total hemoglobin conoeotzBtion one would have detennined 
from the absorption spectrum of a test sample having a hemoglobin concentration of ' 
T„om- This number is easUy appreciated by the technician, and, if it differs too much 
from the nominal concentration of human hemoglobin, will indicate to the technician 
that the instrument may need servicing. 
20 In another aspect, the QC spectrum and spectral measurement enpis are 

conveniently translated into concentrations of blood components, Lc hemoglobin 
fractions and lipid. Tliis allows for ready recognition and appKciadon of the QC 
results by technicians. Thismay be accomplished in one of two ways. The simplest 
way is to multiply the total apparent hemoglobin conceatiations (T^ by a nominal 
25 fraction of each compojieat in blood. Hie nominal fractions are preferably the 
fraction of the total hemoglobin conoentiati n of the particular component (e.^.. 
oxygenated hemoglobin) normally found in physiological blood. This method 
I»ieseats the same information contained in T^ but in a different fonnaL 
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The second, more preferred method of determining and reporting fractional 
blood component concentrations uses a mathematical analysis to determine the errors 
in concentrations of the major blood components due to instnimental errors. This 
method determines the values of the blood component concentrations that would give 
5 rise to the error spcctitim. Several blood component spectra are matiiematically 
combiried to give the best fit to the error q)ectrum. The contributions of each blood 
component spectrum directly yield the concentration of the blood compormt These 
concentrations aie the deviations (owing to instrumental error) from the actual 
concentrations of these con^wnrats that one would observe if an actual blood sample 
10 were arudyzed. Adding these coiscentrations to the nominal concentrations of the 
blood conqxtnents yields the concentraticms of the blood conu>onaits thai would have 
been observed if a blood sample having the nominal corKrmtrations of blood 
components were analyzed on the instrument. In a prefened embodiment, the 
nominal values of blood component concentrations arc set to those values obs^ved in 
15 normal human blood The significance of the results then can be readily appreciated 
by the ordinary tedmician. If the errors are beyond acceptable limits, servicing may 
be required. 

The present method provides an improved ability to determine the 
perfonnaxK:e of the instrument, because the measured QC sample qpiectrum more 

20 closely resembles the known, standard ^)ectrunL the result is that the measured 
errors more dirwdy relate to the instrument errors. Concomitantly, the difficult iBsk 
of formulating stable QC products that mimic blood spectra is e liminat ed 
Furtiiemxire, one can tise the same QC product on instrummts using difiBmnt 
wavelengths for measurement parairMtas aiKl retain the ability to report the results at 

25 the same nominal value. Ibese nominal values can be advantageously s^ to any 
desired value. 
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The present method further provides the ability to scale the concentration of 
biood components to better reflect anticipated instrument variations when 
physiological blood samples are run. 

The foregoing merely summarizes certain aspects of the invention and is not 
S intended, nor should it be construed, to limit the invention in any way. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 displays tfirec QC spectra of tte three lots of CERTAIN® ELITE 
Level 1 QC fHtxluct of Example 1. 
10 FIG. 2 displays the spectra of the major absorbing blood componmts. 

FIG. 3 di^lays the spectra that are the diflfcrcncc between the QC spectra of 
FIG. 1 and the least squares best fit to those spectra using the blood component 
spectra of FIG. 2. 

FIG. 4 displays the earn spectx% te., the difference between the measured QC 
IS spectra of FIG. 1 and the least squares best fit standard QC, v^Aiicfa in this case is the 
average of the three QC spectra of FIG. 1 . 

FIG. S displays the spectra tf&at are the difiference between the error spectrum 
of FIG. 4 axKl tiie least squares best fit to those spectra using the Uood component 
spectra of FIG. 2. 

20 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention provides a new method for determining the 
performance level of an abscnfaance spectrophotometer. As used hoein, the 4erms 
"^absorbance spectr om eter," **spectr om eter," and their equrvaleats mean any machine 
25 or instriimentc^^able of measuring tiieabsorbance spectrum of a liqiiidsanq>le. The 
present methods are particularly usefid for determining the performance of CO- 
oximeters. 
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The methods comprise measuring the absorbance spectnom of a quality 
control (QC) sample and evaluating the quality of the fit to the known^ standard 
spectrum for that QC product. The difference between the two is a measure of the 
perfomfiance of the spectrophotometer. 
5 This method is distinguishable from prior art methods, which compare 

measured QC spectra to a standard blood spectrum. Because the QC spectra do not 
minruc blood spectra well, the obs^ed differences in die measured QC spectrum and 
a standard blood spectrum are rather large (FIG. 3) and arise due to both variations on 
instrument performance as well as the inherent differences in the two spectra. The 
10 present methods improve upon this by greatly reducing or eliminating the inherent 
dififercnce between the measured QC sample spectrum arKl the standard spectrum to 
which it is conq>ared. FIGS. 3 and 4. 

A shoitcoming of the prior ait is that blood component concentrations 
obtained fiom QC spectra often bear Uttle or no relation to real values in blood, often 
IS appeari ng as negative concentxaticxis or concentrations of greater than 100^. The 
presrat methods improve upon tiie prior art in that the instnimmtal error can be 
reported in tenns of blood component concentrations that are comparable to real 
values in blood» and thus easily understandable to the technician in the field. 
The inventive method is based on the well known Beer*Lambert law: 
20 Ax = qx*c*x (1) 

vAnac A is Ifae absoibanoe at wavelengtfi X, qx is die extinction coefficient ai 
wavelengdi X fi>r the absorbent, c is tiie concentration of the absorbent, and x is the 
sample path lengtti throu^ ^^ch the measuring beam of light passes. The path 
length X is consta n t vnAin die spectrophotometer (typically expressed in cm) and 
25 hereiiuifterwillbesubsimiedinqx. 

If ttwre are components in the san4>le, tfie Beer*Lambert law can be expressed 
in linear algebraic tenns as: 

A-q#c, (2) 
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where A is a vector whose "m" elements A^j arc the absorfoencies at "m*' discrete 
wavelengths ^ is an *"m x n" matrix whose elements qjj are the extinction 
coefficients of component "j" at wavelength 7^, and c is a vector, each of whose "n" 
elements Cj is the concentration of component ^j^. 

5 In the present invention, the absorbance spectrum (A,«aj) of a QC sample b 

measured (FIG. 1). The QC sample has a known set of extinction coefficients q as 
determined by measuring the absorbance spectrum or standard spectrum (with 
concentration c^ on a calibrated spectrophotometer. In practice, a standard 
absorbance spectrum (A^J of a QC product will be recorded on a high precision 

10 spectrophotometer and the concentration (c^^ arbitrarily set to unity so that q « A^ 
Alternatively, the standard QC spectrum may be obtained by averaging two or more 
QC sample spectra. The QC samples used to determine instrument performaiK:e are 
manufactured to be identical (£e» have the same c^ to the QC product used to obtain 
A^. It is noted that variation in the {mkluct spedfications of different lots of QC 

IS products nuiy impact the analysis, although this variation should be minw. Tbe 
vector q is then electronically stored in tbc instrument by the manu&ctuftr for use in 
future determinations of instrumrat performance. 

The QC spectra will generally differ from the 8anq)les (e.g.« blood sam|rfes) that 
are commonly analyzed on the spectro f rfiotometer. As used herein, the tenn 

20 **axudyze** means to determine the identity and/or ccmcentration of coniponent(s) of a 
sample. To give tbe most accurate and meaningful indication of instrument 
poformance, ihc QC sample ^uld p^erably be constructed to give an absorbance 
spectrum closely mimicking tiiat of san^les frequently analyzed on tiie 
spectrophotometer. In a prefer red embodiment, the QC sample will mimic himum 

25 blood QC pnxliicts suitable for use in the invention are commercially availaUe, for 
exanq>le, from Ciba Coming Diagnostics Corp. (Medfield, MA) under the trade name 
CERTAIN* ELITE. 
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The standard QC spectrum. is fit to the measured spcctium, A^^, by treating 
"c** in equation (2) as a variable and detemiining the value of "c" that results in the 
best fit. The result is an apparent concentration of the QC, c^. A variety of potential 
sources of instrumental error will result in A^e^ differing bom and, consequently, 
5 c,^ differing from c^. Any of the well known mathematical techniques of fitting 
spectra can be used to determine the best fit of to A^^^ and from it c^. See Press 
ct al.. Numerical Recipes: The An of Scientific Computing Ch. 14, pp. 498-546 
(Cambridge University Press, Cambridge, 1986). In a preferred embodiment, c^ is 
obtained by a least squares analysis and is given by: 

10 c^ = (qVq^»A„«,. (3) 

See Noble and Daniel, Applied Linear Algebra, pp. 57-65 (Prentice-Hall 1977). The 
ai^)arent concentration, c^^ can then be used to give the estimated, best fit (in the 
least squares sense) absorbance spectnmi, A^. 

A«.«q*c„. (4) 
IS The difference between the measured and estimated absorbance spectra at each 
wavelength, i.e., the "error spectrum*' is given by the veaor E: 

E = A«-A^. (5) 
(FIG. 4). The vector E is a measure of the deviation of instrumental perfomtiance 
from Hbc ideal. 

20 It is difficuh to detemine from E itselt however, the level of instrument 

performance and whetfia the instrtment is p erf o rming within acceptable standards. 
In a pre fened embodiment of the present inventicm, E is advantageously related to 
enors in the measured concentration of blood components that would result 

frtnn the instnimental enors. is a vector having '^k" elements, each being the 

25 error in concentration of <me of the blood componats. is the vector of blood 
COTiponent concentrations ttiat would give rise to the observed error spectrum, E. 

can be determined in a variety of ways involving fitting the error spectrum with 
one or more known blood component spectra by varying the intensities of each blood 



\ 
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component spectnim. The relative contributions of each of the blood component 
spectram arc the relative cone^teations of each of the components. Preferably, the 
least squares method is used. If Q„fc is the "k x m" matrix of exUncUon coefficients 
for "k" blood components at '"m" wavelengths, then C^Hb »s given by: 

5 C^ = (QHb^QHbyW»E. (6a) 

or 

C^-W.O»TQ„fc)-'Q„,T.E. (6b) 
The C^Hb thus obtained' will have the same units as Q«„ preferably gm/dL. The 
values of C^Hb can be positive (indicating that the instrumental enois would result in 
10 measured blood component concentrations that are too high) or negative (indicating 
that instrumental error would result in measured blood component concentrations that 
are too low). If all elements of E were zero, Le., « Al^, meaning the instrument 
was performing ideally, there would be no error in the measurements of the 
concentrations of blood components, and all elements of C^Hb would be zero. 
15 Weight or W is a matrix which scales the conceatiation of blood components to 

better reflect anticipated instrument variations when physiological blood' samples are 
run. Hw simplest case is when the diagonal elements equal 1 and the otfaets are 0. 

Equation 6b provides a transformation of the error concentrations obtained wiA 
QC so that they reflect values tfiat wodd have been obtained if the sample was 
20 oxyhenK>globirL A physiological samjrie transformation is a matrix vdiich weights 
each fraction ofmor to adjust it to a new vahie. Enws due to instrument 
inaccuracies, such as spectral or wavelength shift, result in characteristic errors for 
eadi hemoglobin fraction as well as each quality control. The characteristic response 
of the instrument to such inaccuracies can be predetenrdnieid for any specific sample. 
25 Since physiological samples are predmninantly oxyhemoglobin and since the 

characteristic refuse of the instrument (due to inaccuracies) will be dififoent for 
samples other than oxyhemoglobin, it is desirable to compensate for these differences. 
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In another preferred embodiment of the invention, the total concentration of 
hemoglobin is reported (T^). It is the product of the apparent concentration of the 
QC measured, c^, and the nominal value of total hemoglobin, Taom^ 

5 T,^ can be set to any convenient value. In a preferred embodiment, = 14 g/dL, 
a value typical of normal human blood. Thus, if = 1 (which is the arbitrary value 
chosen for the QC product and would result if = A«j). reported total 
hemoglobin would be the same as tfiat observed in normal human blood. 

The nominal concentration of the "k" blood components, is given by . 

10 Cnom = Ffiom • "^tmm . 

where F«a, is the vector each of whose elements ¥oom.i nominal fractions of 

blood component "i." In a preferred embodiment of the present invention, the 
elements of ¥^ are set to the actual fractions of tte blood components observed in 
human blood. 

15 The apparent concentntioa of blood components that one would observe on the 

instniment being tested (C„hjpp) is the sum of the nominal concentrations (C«J and 
the errors in blood component concentrations previously calculated, Cahh: 

The total calculated hemogloWn concentration (the scalar is the sum of the 
20 calculated values of the components, ie.. the sum of the elements of the vector 
CHbw The reported fractions of the blood components is then given by: 

F^-C«^«te (10) 
Evaluation of any one or more of the foregoing indicia of instrumental 
performance will allow the field technician to detcnnine whether servicing of the 
25 spectioiAotometer is required or tiua test sample analysis may proceed. 
That is, one may observe any one or more of ttie following: 
1. the deviation of the best fit quality control spectrum (A«) from the 
measured (JC spectrum (A^ or, equivalently, the error speclnim, E; 
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2. the deviation of from c^^,; 

4. the deviation of or T^^ from T^; 

5. the deviation of from C^; 

6. the deviation of from F^om'^ and 

7. any equivalent indicium of instrumental perfomiancc derived from the 
comparison of A^,^ and A^. 

Acceptable limits within which the instrument is required to perform will depend 
on the particular circumstances and will vary from application to application. For 
instance, in cases v^ere only rough estimates of concentrations are needed, a larger 
deviation of any of the foregoing parameters fix)m the ideal can be tolerated. On the 
other hand, where extremely precise measurements of concentration are required, only 
small deviations-in the foregoing parameters vsdll be acceptable. Typical acceptable 
values will vary within about db2% of the ix>minal value. 
15 The major components of blood that will ordinarily be used in the present 

methods are reduced hemoglobin (HHb), oxygenated hemoglobin (02Hb), carboxy 
hemoglobin (COHb), met hemoglobin (MetHb), sulf hemoglobin (SHb), and lipid. 
The extinction coefficients for hemoglobin-based blood components can be measured 
directly or obtained from the literature. See Zijlstra et al., Clin. Chem. 37(9), 1633- 
20 1638 (1991). The lipid spectrum can be measured from intravenous fat emulsion 
(e.g., Ae conunercially available lipid product LIPOSYN™ II) in an aqueous 
dispersion of about 1 0% by weight 

Any number of wavelengths can be used to measure and fit the foregoing spectra, 
but at a minimum there must be at least as many wavelengths as there are variables 
25 (/.e., concentrations) to be fit The larger the number of wavelengths used, the less 
contribution there will be from random noise and, therefore, the more accurate the 
measurements. As a practical matter, seven wavelengdis can be used to fit an error 
spectnim with 6 component spectra. e.g.. HHb, Ojt^. COHb, MetHb, SHb. and lipid 
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Preferably the spectra arc measured and fit at wavelengths at which the QC products 
have at least a moderate level of absorbance. 

The follovsdng examples are oflfercd for illustrative purposes only and are not 
intended, nor should they be construed, to limit the invention in any manner. 

5 

EXAMPLES 
Example 1 

The methods of the present invention were applied to three dififerent lots of three 
different CERTAIN® ELITE (Ciba Coming Diagnostics, Medfield, MA) QC 
10 products. Levels 1, 2, and 3. In this Example, the standard QC spectrum was obtained 
by averaging the QC sample q)ectra of the three lots 1-3 at each level. Accordingly, 
the deviations observed in this Example arise from differences in the QC sample lots. 
The deviations from the standard spectrum, however, are represratative of deviations 
one would cbsavc from instiumental errors. 
IS Ahsorbanoe ^ectra were obtained on a CARY IV (Varian Instiummts, Palo Aho, 

CA) and are displayed in FIG. 1 for QC Level 1 lots 1-3. The cm>r spectra were fit at 
seven wavelengths in the range of 550-650 nm using absorbance spectra of HHb, 
MetHb, 02Hb» COHb, SHb, and lipid The rq)orted results for the present method 
were calculated using the methods desCTibed above. The results are di^layed below. 
20 As can be seen, the values for the concentrations of blood components calculated 
using tfie present method correspond to values one might observe for real blood. By 
contrast, the values of blood component concentrations using prior art methods can be 
negative or greater than 100% of the total hemoglobiiL 
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Mean QC Concentration 





Lotl 


Lot 2 


Lots 


Concentration (C^ 


0.995 


1.009 


0.996 


Concentration error 


-0.005 


0.009 


-0.004 



Blood Component Concentration Errors 





CAHb.i (gm/dL) 


(CWT^»ioov.-% 

Error 


Lotl 


Lot 2 


Lot 3 


Lotl 


Lot 2 


Lots 


HHb 


0.055 


0.005 


-0.060 


0.48 


004 


-0.52 


OjHb 


-0.016 


0.012 


0.003 


-0.14 


0.10 


0.03 


COsHb 


0.040 


-0.031 


-0.009 


0.35 


-0.27 


-0.08 


MetHb 


0.053 


-0.017 


-0.037 


0.46 


-0.15 


-0.32 
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Reported Results (F,,.^ x 100%) 





Nominal 
Value 


Present Method 


Prior Art Method 


Lotl 


Lot 2 


Lot 3 


Lotl 


Lotl 


Lot 3 


HHb 


3 


3.44 


3.05 


2.50 


2.7 


2.3 


1.7 


OjHb 


93 


91.80 


93.36 


93.87 


-22.1 


-22.2 


-22.4 


COjHb 


2 


2.32 


1.73 


1.94 


121.3 


122.6 


123.4 


MetHb 


2 


2.43 


1.86 


1.70 


•1.8 


-2.6 


-2.7 






11.44 


11.60 


11.45 


11.71 


11.69 


11.48 



5 QCLEyELl'T^'-n.Sffa/dL 

Mean QC Concentration 





Lotl 


Lot 2 


Lots 


Concentration (Capp) 


1.006 


1.003 


0.991 


Concentration error 


0.006 


0.003 


^.009 
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Blood Component Concentration Errors 





CAiiw(gni/dL) 


(CWT«,.)xlOO% = % 
Error 


Lot 1 


Lot 2 


Lot 3 


Lotl 


Lot 2 


Lots 


HHb 


0.03 


0.04 


-0.068 


0.17 


0.23 


-0.39 


OsHb 


0.012 


0.002 


-0.012 


0.07 


0.01 


-0.07 


CO^Hb 


-0.053 


0.009 


0.044 


-0.03 


0.05 


0.25 


MetHb 


0.011 


0.012 


-0.021 


0.06 


0.07 


-0.12 



5 Reported Results (F^^ x 100%) 





Nominal 
Value 


Present Method 


Prior Art Method 


Lotl 


Lot 2 


Lot 3 


Lotl 


Lot 2 


Lot 3 


HHb 


3 


3.00 


2.99 


3.01 


11.7 


11.7 


11.1 


OjHb 


93 


93.23 


92.96 


92.8 


-18.5 


-18.5 


-18.7 


COjHb 


2 


2.07 


2.00 


1.93 


110.1 


no 


110.8 


MetHb 


2 


1.7 


2.04 


2.25 


-3.2 


-3.2 


-3.3 




T,pp4 - C.PP • TmomJ 


17.61 


17.55 


17.34 


17.82 


17.51 


17.72 
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QC LEVEL 3 - = 20.8 gm/dL 



Mean QC Concentration 





Lotl 


Lotl 


Lot 3 


Concentration (C^) 


1.011 


0.987 


1.002 


Concentration error 


0.011 


-0.013 


0.002 



5 

Blood Component Concentration Errors 





CAHb.i (gm/dL) 


(c wr««) X 100% = •/. 

Error 


Lotl 


Lot 2 


Lot 3 


Lotl 


Lot 2 


Lots 


HHb 


0.006 


-0.017 


0.01 


0.03 


-0.08 


O.OS 


OjHb 


-0.017 


-0.01 


0.027 


-0.08 


-0.05 


0.13 


COsHb 


-0.01 


0.071 


•0.06 


-O.OS 


0.34 


-0.29 


MetHb 


-0.002 


0.006 


-0.004 


-0.01 


0.03 


-0.02 
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Reported Results (F^aj x 100%) 





Nominal 
Value 


Present Method 


Prior Art Method 






Lot 1 


Lot 2 


Lot 3 


Lot! 


Lot 2 


Lot 3 


HHb 


3 


3.00 


3.00 


2.99 


16.1 


15.9 


16.1 


OjHb 


93 


93.05 


93.12 


92.83 


-16.7 


-16.6 


-16.5 


COjHb 


2 


2.03 


1.92 


2.05 


104.1 


104.2 


103.9 


MetHb 


2 


1.92 


1.95 


2.13 


-3.5 


-3.4 


-3.5 






21.03 


20.53 


20.84 


20.81 


21.05 


21.03 



S Exampk 2 

The QC Level 1, lots 1-3 spectra displayed in FIG. 1 were fit using a least squares 
analysis by the blood componot q)ectra of FIG. 2. The difiioaice betwem the best 
fit and the QC spectra are displayed in FIG. 3. As can be seen, the differences are 
orders of magnitude larger than the enor spectrum obtained by subtracting the best fit 
10 QC spectra fit)m the measured QC spectra. ^ 
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1 claim: 

1. A method of dctcmiining the quality of perfomiance of an absorbance 
spectrometer, the method comprising: 

a, measuring the absorbance spectrum of a quality control sample; 
5 b. fitting the measured sample spectrum with the standard spectrum of the 

quality control product sample to obtain a best fit spectrum and an 
apparent concentration of the quality control sample; and 
c. evaluating the quality of the fit. 

10 2. The method, according to claim 1, wherein the quality of the fit is evaluated by 
calculating the difference between the best fit spectrum and the measured spectrum to 
yield an error spectrum. 

3. The mediod, according to claim 1, wherein the quality of the fit is evaluated by 
15 determining Ihc deviation of the apparent concentration of the quality control sample, 

c^, firom the concentration of the standard quality control sample, Cj^. 

4. The method, according to claim 2» wherein a least squares analysis is used to fit 
the standard spectrum to the measured ^)ectrum. 

20 

5. The method, according to claim 3» wherein a least squares analysis is used to fit 
the standard spectrum to the measured ^>ectrum. 

6. The mettKxi, according to claim 1, wherein the quality of the fit is evaluated by 
25 fitting one or more blood componoit q)ectra to the error spectrum to yield errors in 

coi^entrations of blood components. 
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7. The methods according to claim 6, wherein a least squares analysis is used to fit 
the standard spectrum for the quality control to the measured spectrum and to fit the 
one or more blood component spectra to the error spectrum. 

S 8. The method, according to claim 1, wherein the quality of the fit is evaluated by 
selecting a nominal total concentration of hemoglobin, multiplying the nominal total 
concentration of hemoglobin by the s^parent quality control sample concentration to 
yield an apparent total hemoglobin concentration. 

10 9. The method, according to claim 8, wiierein a least squares analysis is used to fit 
the standard spectrum for the quality control sample to the measured spectrum. 

10. The method, according to claim 6, wherein the quality of the fit is evaluated by 
selecting nominal values of concentrations of the blood components, adding the errors 

IS in concentrations of Uood components to their respective nominal concentrati<m 
values to yield apparent concentrations of the blood comp)onents, and evaluating the 
apparent concentrations of blood components. 

1 1 . The method, according to claim 10, wherein a least squares analysis to used to fit 
20 the standard spectrum for the quality control san^le to the measured spectrum and to 

fit the one or more blood component spectra to the cnor spectrum. 

12. The method, according to claim 10, wherein the quality of the fit is determined by 
selecting a nominal total concentration of hemoglobin, multiplying the nominal total 

25 concentration of hemoglobin by the apparent quality control sample concentration to 
yield an apparent total tenoglobin concentration, and dividing the nominal 
concentrations of hemoglobin components by the ^^ypareot total hemoglobin 
concentration to obtain fractional concentrations of hemoglobin C(xxqf>onents. 
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13. The method, according to claim 6, wherein the concentration of blood 
components are weighted to reflect anticipated instrument variations. 

5 14. Hie method, according to claim I. wherein said standard quality control product 
has similar connotations of one or more absorbing components of the quality control 
sample. 

15. The method, according to claim 1, further comprising the step of measuring the 
10 absorbance spectrum of a test saRq>le. 

16. A method for performing absorbance spectrophotometer analysis comprising: 

a. measuring the absorbance spectrum of a quality control product; 

b. fitting the measured spectrum with a standard spectrum of a quality 

j5 control product having the similar cooceotration of one or more absorbing 

components to obtain a best fit spectrum and an apparent concentration of 
ihc quality control sample; 

c. evaluating the quality of the fit; and 

d. measuring the absorbance spectrum of a test sample. 

20 

17. A method for calibrating an absorbance spectrophotometer comprising: 
a. measuring the absorbance spectrum for a plurality of quaUty control 
samples, wherein said quality control samples correspond to a blood 
component ^>ectra; 

25 b. fitting the measured spectrum with a standard spectrum of a quality 

control product having the same concentration of absorbing components to 
obtain a best fit spectrum and an appaicai concentration of the quality 
control sample; 



\ 
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evaluating the quality of the fit; and 

adjusting the calibration of said spectrophotometer. 
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